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Summary 
An infill groundwater study of Quairading townsite was done as part of the Rural Towns 
Program Community Bores Project to clarify reasons for localised moisture accumulation in 
buildings. 
A broad investigation of townsite groundwater was undertaken by Cattlin (2001).  That study 
identified reasons for the occurrence of waterlogging and shallow groundwater problems in 
the central business area of the town.  However, the exact cause of the problems remained 
inconclusive. 
As identified by Cattlin, Quairading townsite can be divided into two groundwater flow 
systems:  
1. A deep basal aquifer that is influenced primarily by recharge from topographically 
separated catchments.  
2. A shallow aquifer system of up to 8 m thickness of sand with multiple stratigraphic units 
capable of perching groundwater. Evidence of all stratigraphic units was not obvious in 
drill cuttings but noted as changes in drilling hardness. 
The infill drilling established that a shallow perched aquifer was developing on an impervious 
silcrete layer at 2 to 3 m.  Other silcrete layers with the potential to perch groundwater were 
found at 5 m and 8 m.  Perched groundwater levels in the townsite area were less than 2 m 
from the surface and as shallow as 0.9 m.  The main watertable is significantly deeper and 
not of major concern in the short-term.   
Rising damp and other groundwater issues such as moisture accumulation on the floors of 
the Co-op Store are the result of this shallow, fresh to brackish, perched groundwater.  
Unlike the deep aquifer, the perched aquifer is ephemeral, causing damage mainly during 
winter and spring.  
To reduce the effects of perched groundwater, both recharge reduction and discharge 
enhancement will need to be used in Quairading. 
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1. Introduction and background 
Quairading joined the Rural Towns Program because of concerns over damage to townsite 
infrastructure (Cattlin 2001).  A broad investigation of townsite groundwater was undertaken 
in 2001 and determined that salinity risk due to the deep watertable was low, but flooding, 
inundation and waterlogging risks were high.  The study identified the reasons for 
waterlogging and shallow groundwater problems in the central business area of the town 
adjacent to the main street.  However, identification of the exact causes remained 
inconclusive. 
An infill groundwater study of the Quairading townsite was devised to investigate 
waterlogging and rising damp in the area of older shops along the main street, focusing 
specifically on the extent, nature and source of the shallow groundwater.  
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2. Hydrogeological investigation 
The investigation aimed to determine and characterise the surface and groundwater 
processes present in the townsite. 
2.1 Method 
Drilling for the Community Bores Project was carried out between 25 and 27 May 2004.  
Twenty-three piezometers and observation bores (prefixed 04QU) were installed at 11 sites 
(Figure 1-1).   
 
Figure 1-1. Quairading townsite showing topographic contours, property boundary 
information and approximate locations of bores  
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2.1.1 Drill site selection 
Drill sites were selected on hydrogeological importance, infrastructure, land availability and 
access.  Particular attention was paid to the areas where rising damp is causing deterioration 
of foundations. Lateral flow across the main road was also considered. 
2.1.2 Drilling method 
Sites were drilled using a rotary air-blast rig.  Water was injected to assist drilling through 
sticky saprolite in deep holes. 
2.1.3 Piezometer construction 
All piezometers were constructed with a 50 mm-diameter, Class 12 PVC casing.  Filter packs 
were installed to just above the standard 2 m end of hole screen interval, and a bentonite 
seal placed above the filter prior to backfilling.  Observation bores were constructed in the 
same manner but without bentonite seals.  Drilling details are listed in Table 2-1. 
2.1.4 Drill samples 
Composite samples were collected at 1 m intervals from the drill cuttings and have been 
stored in chip trays. The top 5 m of each hole was nearly identical in each case so chips 
were only collected from a few drill holes for long-term storage.  
2.1.5 Groundwater monitoring and sample analysis 
Static groundwater levels and electrical conductivity (EC) were measured in all piezometers 
prior to reporting.  Pre-existing data were also examined.  The Shire of Quairading will 
continue monitoring the new 04QU prefixed piezometers. 
2.1.6 Surveying 
Locations (eastings and northings) and elevations of piezometers and observations bores 
are still to be measured using a Differential Global Positioning System.  These will be 
uploaded to the Rural Towns Program database. 
2.2 Results 
2.2.1 Profile description 
The main components of the profiles are illustrated in cross-section (Figure 2-1).  The 
investigation was focused towards shallower depths as full profile descriptions can be 
sourced from Cattlin (2001).  
Regolith below Quairading townsite consists of deep sand and clay alluvium/colluvium 
deposits to around 8 m depth overlying granite saprolite.  Composite samples were 
predominantly composed of yellow medium-grained sand with some hardpan development at 
2 m, 5 m and 8 m depth. 
Depth to bedrock is about 32 m near the intersection of Cubbine Road and Heal Street. 
2.2.2 Groundwater levels 
Table 2-1 lists the groundwater levels in piezometers and observation bores as measured on 
3 and 28 June 2004.  
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Shallow perched groundwater is present beneath much of the town and sits above an 
impervious layer at 2 to 3 m deep.  Depth to perched groundwater is typically less than 2 m 
during the winter months and can be as shallow as 0.9 m.  Other stratigraphic units capable 
of perching groundwater were also intersected at 5 m and 8 m.  Permanent groundwater is 
present at around 8 m below the ground surface.  Groundwater depths observed by Cattlin in 
2001 followed a high rainfall period and were slightly more elevated than those recorded in 
the current study. 
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Figure 2-1. Cross-section from upslope of 04QU01D to 04QU07D 
2.2.3 Groundwater electrical conductivity (EC) 
Groundwater EC (Table 2-1) ranged from 38 to 366 mS/m in perched aquifers.  Adjacent to 
Cubbine Road perched groundwater was almost five times more saline than elsewhere in the 
townsite.  The deep watertable in the back lane behind the commercial area was twice as 
saline as that measured south of the main road.  
2.3 Discussion 
2.3.1 Recharge 
Recharge within the townsite is inferred to be high, because of a deep permeable soil profile. 
Anecdotal evidence also suggests that sealed surface and roof run-off does not pond in or 
around the town, and either enters constructed drainage systems or infiltrates rapidly. 
Farming land immediately upslope of the townsite is believed to be contributing significant 
recharge to the deep basal aquifer, however the quality of perched groundwater and rate at 
which it accumulates beneath the town suggest it is derived locally.  
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Table 2-1  Drilling, construction and electrical conductivity for piezometer sites 
Groundwater level depth bgl## 
3/6/04 28/6/04 Drill hole  
Depth 
drilled# 
(m) 
Screen 
interval 
(m) (m) (m) 
Electrical 
conductivity 
28/6/04 
(mS/m) 
04QU01O 2.0 0-2.0 DRY -1.73 245 
04QU01S 5.1 3.1-5.1 DRY -4.98 315 
04QU01D 23.6 21.6–23.6 -7.90 -7.92 1038 
04QU02O 2.1 0.1–2.1 DRY DRY - 
04QU02S 5.4 3.4-5.4 DRY -4.90 366 
04QU03O 2.1 0.1–2.1 -1.74 -1.62 305 
04QU03S 5.1 3.1–5.1 -4.94 -4.85 207 
04QU04O 2.2 0.2–2.2 -1.48 -1.20 65 
04QU04S 5.2 3.2–5.2 DRY DRY - 
04QU05O 2.3 0.3–2.3 -1.50 -1.13 127 
04QU06O 2.1 0.1–2.1 -1.08 -0.88 60 
04QU06S 5.1 3.1–5.1 DRY DRY - 
04QU07O 2.1 0.1–2.1 DRY -1.32 65 
04QU07S 4.9 2.9–4.9 DRY DRY - 
04QU07D 32.0 30.0–32.0 -8.59 -8.18 572 
04QU08O 2.1 0.1–2.1 -2.05 -1.36 38 
04QU08S 5.3 3.3–5.3 DRY DAMP - 
04QU09O 2.0 0–2.0 -1.28 -1.21 38 
04QU09S 5.1 3.1–5.1 -4.27 -3.51 117 
04QU10O 2.1 0.1–2.1 DRY DRY - 
04QU10S 4.4 2.4–4.4 -2.70 -1.90 66 
04QU11O 2.0 0–2.0 -2.16 -1.49 80 
04QU11S 5.1 3.1–5.1 DRY DRY - 
#: equivalent to inserted casing length – no significant hole collapse observed ##:  bgl – below ground level 
2.3.2 Groundwater flow systems 
As identified by Cattlin (2001), Quairading townsite can be divided into two groundwater flow 
systems:  
1. A deep basal aquifer that is influenced primarily by recharge from topographically 
separated catchments that are likely to act as a single groundwater catchment.  
This inference is based on groundwater EC measurements indicating that deep 
groundwater is extraordinarily fresh to brackish, which can be explained by recharge to 
the deep aquifer through deep, permeable regolith in the upper slope. This semi-
confined aquifer is at least 5 m thick and is composed of coarse-grained quartz and clay 
derived from weathering of basement rock. 
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2. A shallow aquifer system of up to 8 m of sand with multiple stratigraphic units capable of 
perching groundwater.  
Evidence of all the stratigraphic units was not always obvious in drill cuttings but was 
identified by changes in drilling hardness. 
No evidence of mafic dykes was found during this study.  Deep, permeable alluvial cover 
exists beneath the town and this excludes groundwater buildup at depth (i.e. behind a dyke) 
as the reason for groundwater expression at the near surface. 
Central wheatbelt towns are typically located on alluvial clays, whereas Quairading is 
primarily on sandy alluvium derived from sandplain-dominated slopes to the north. The most 
likely explanation for the development of perching layers is the deposition of clay-rich 
stratigraphic units or reprecipitation of solubilised silica forming impervious layers at contacts 
in the stratigraphy. 
Between drilling the bore network and monitoring groundwater on two occasions, observation 
bores and shallow piezometers that were previously dry had developed groundwater. This is 
attributed to recent rainfall and is evidence of local recharge, the seasonal nature of the 
shallow aquifer system, and relatively high permeability.  It is likely this perched aquifer will 
leak water to the deep aquifer by the end of summer. 
Road compaction does affect shallow groundwater with accumulation in the car park in front 
of the commercial area.  However, some lateral flow beneath the road does occur, especially 
during winter, and a high flow zone exists between the town clock and the intersection of 
Heal and McLennan Streets. 
2.3.3 Assessment of salinity risk 
Perched groundwater levels in the townsite area are less than 2 m from the surface, whereas 
the main watertable is significantly deeper and not of major concern over the short-term. 
Monitoring of the main watertable will determine whether it is rising or has stabilised, and 
what management should then take place.  
Rising damp and other groundwater issues such as moisture accumulation on the floors of 
the Co-op Store are the result of this shallow, fresh to brackish, perched groundwater. 
Perched groundwater lies under most of the townsite and has some zones of preferred flow. 
These preferred flow zones may coincide with areas of ground excavation for service 
installation, road construction or may be a natural phenomenon associated with small sand 
seams deposited by old creek tributaries. 
Immediately adjacent to, and on the east side of Cubbine Road, perched groundwater 
salinity is higher than elsewhere in the townsite (~200 to 400 mS/m).  This may be the result 
of poor lateral flow and subsequent salt accumulation in the soil via evaporation.  
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3. Recommendations 
Recommendations have been made to overcome the problems mentioned earlier.  The cost 
of each option has not been considered and cost estimates should be obtained before 
proceeding.  Conceptual plans will need to be explored rigorously to ensure they work.  
The prime recommendation is that groundwater levels continue to be monitored. A two-
pronged approach to reduce the effects of perched groundwater problems is suggested, 
consisting of recharge reduction and discharge enhancement.  
3.1 Recharge reduction 
General suggestions for recharge reduction in wheatbelt towns are provided in Colwill and 
Roe (2004).  Specific recommendations for Quairading include: 
• Revegetation of disused vacant land within the townsite.  
• Minimisation of recharge from watered ovals, parks and gardens. This can be done by 
ensuring watering times are restricted using automatic timers and gypsum blocks or 
moisture probes to detect water moving through the plant root zone. 
• Better management of surface water, including storm water and run-off from the 
immediate surrounds of the townsite.  The town is located on highly permeable soils that 
allow surface water to infiltrate rapidly.  Surface water needs to be diverted or removed 
from the townsite before it enters the ground.  
3.2 Discharge enhancement 
• Horizontal interception and removal of perched groundwater via a subsurface drainage 
system. This collection system would need to be laid just above the perching layer to 
intercept groundwater along the entire length of the townsite.  Such a system should work 
well because of good soil permeability and would be best laid in the front of the 
commercial area, but north of the compacted area beneath the main road.  In this way, 
groundwater can be collected year-round as opposed to a system in the back lane that 
would only collect groundwater during winter. 
• A vertical pumping system is problematic because of shallow perched groundwater. 
Groundwater yields depend on the screen/groundwater interface of pumping bores, and 
the very shallow aquifer thickness means limited drawdowns are likely to be encountered. 
Extracted perched groundwater is likely to be of suitable quality to irrigate the sports oval. 
Provided it is not contaminated, it might be diverted to the townsite dam. 
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